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SWT-WING BOMBER AND FIGJEER MODELS 

By Robert  F. Thampson 

A wind-tu_.?el  investigation w a s  mde  wherein Q p d c  models t ha t  
included  elastic  sirnulation were used t o  study  the  f l ight  charecterist ics 
of a swept--wing  bomber with  parasite swe;3t-wing f ighters  coupled at the 
wir4 tFps. Tcis cousled  configuration  represents BP ef f ic ien t  towing 
arrm-geznent whereby the  operational  rauge of f igh ters  c m  be  increased. 
All bdoer   r igid-boa-  freedoms other  than roll were elFminated i n  the 
f l i g h t  si”nu1ai;ion. The models were cousled wTng t i p  t o  wing t i p  wi-th 
f ighter  r o l l  freedom about the  tip-coupling  axis. Saxe f i g h t e r   l a t e r z l  
trim w2s provided at a l l  test   conditions by nechanically  I inkhg  the 
f igh ter   a i le rons   to   the  wF-n& t i p  of the bm-ber s o  as t o   d e f l e c t  automat- 
icel ly   in   proport ion t o  the relative bank angle between the   f igh ter  uld 
the baxber. The e f fec ts  of providing  additional  (to  arlerons)  fighter 
la te re l - t r”  rnm-ellts by skewing the  tip-coupling exis were also  studied. 

Results  icdicated  that   sctisfactory  f l ight  could  be made to fu l l -  
scele  simulated  speeds OF about 400 miles per hour with  f ighter leteral 
trim provided only by fighter  ai lerons.   am3er r o l l  freedcm aod the 
ai leron  def lect ion  ra t ios   tes ted h d  only a secondmry ef fec t  on the 
f l igh t   charac te r i s t ics .  Skewing the  tlp-coupling exis loo was s l i gh t ly  
beneficial; however, a fur ther   increase  in  skew angle t o  20° h d  a pro- 
no-mced adverse  effect. M a x l h u m  test speeds f o r  skew mgles  of Oo and 
loo were limited by s. tendency of the  f ighter  t o  twist the bomber wi-ng 
and diverge in   to rs ion .  With e. skew angle of 20°, the   f ighter  oscill&.ted 
at approximztely  constant  amplitudes  about  the  tip-coupling axis at 
speeds well  below the  divergence  speeds. The coupled-Plight  character- 
i s t i c s  were l i t t l e  ELffected by coupling  the  fighter wing t i p   t o   t h e  
bmber w5ng t i p  by a short  boom which shifted  the  f ighter  longitudinal 
posi t ion  remmrd.  The l imiting speeds for   the coupled  configuration 
were considerably lower than the bomber-alone f l u t t e r  speeds. 
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-0IXJCTION 

The operating  rmge of an a i r c ra f t  can be extended by towing the 
a i r c ra f t  over sane portion of the f l igh t .  In particular,  fighter pro- 
tection  could be maintained on bmbing  missions beyond the normal oper- 
a t ing range of f ighters  by towing the fighters as parasites to be re- 
leased when protection is needed. From the standpoint of aerodynamic 
efficiency, the towing  can perhaps best  be accomplished by coupling  the 
airplanes wing t i p   t o  wing t i p .  This method of coupling has been  pro- 
posed  because  the  fighters are supported by their own lifting surfaces 
and the effect ive  aspect   ra t io  of the coupled configuration is increased 
w i t h  a corresponding  decrease i n  induced-drag coefflcient. As a fur ther  
refinement, loads produced  by the  f ighter  on the bamber can be decreased 
by coupling the f i g h t e r   t o  the bcmber with angular freedm provided 
Proper  fighter trim s t a b i l i t y  relative t o  the bomber is maintained. 'Phe 
f eas ib i l i t y  of this towing  arrangement has been  demonstrated in the 
Langlq  free-fl ight tunnel (refs .  1 t o  3 1 and in   ac tua l   f l i gh t   ( r e f  4) 

This type of coupling  results  in a re la t ive ly  camplex tmconventional 
structure and complicates any theoretical   prediction of the f l i g h t  be- 
hevior.  Equations of motion neglecting the elast ic   character is t ics  of 
the wing-tip-coupled configuration have been  presented in  reference 5 
and, i n  addition, wind-tunnel tests to   da t e  have used re la t ive ly   r ig id  
models. The e l a s t l c  modes of the coupled conffguration would be ex- 
pected t o  have a f i rs t -order   effect  on t h e   f l u t t e r  and s t z b i l i t y  charac- 
t e r i s t i c s   a s  w e l l  as the wing-structure  strength  requirements.  Therefore 
the present tests were made t o  prov5de information on airplanes coupled 
wing t i p   t o  wing t i p  wherein the wing elast ic   propert ies  as well as the 
ccmplete mass dist r ibut ion were accurately  scaled. Elmphenis w a s  placed 
on determining the maximum speed t o  which a particular  configuration 
could be sa t i s fac tor i ly  flown and the type of stability problems encoun- 
tered. The tests were simplified by using a semispan bmber model and 
eliminating most of the  bmber rigid-body  f'reedms. It was considered 
that resu l t s  frm this semispan test configuretion  could be  used t o  
corroborate  fiture  theoretical  analyses; however, any cmplete  configu- 
ration  analysis would have to   r a t iona l i ze  the effects  of the  eliminated 
rigid-body freedoms. 

1. 

The investigatior was made i n  the Langley 300 MPE 7- by 10-foot 
tunnel. Geometric, s t i f fness ,  and mass parameters  representative of 
Dresent-day operational swept-wing a i r c ra f t  were incorporated  into a 
1 /1bs i ze  scaled-speed model to  give  full-scale  simulation at a pressure 
a l t i tude  of 20,000 feet.  This scaling  permitted testing over a wide 
full-scale  simalated  speed  range. Mach and Reynolds number e f fec ts  were 
not simulated. The test  configuration  provided  fighter r o l l  f reedm P;t 
the  coupling a i s  t o  decrease bomber bending loads and the  effects of 
Providing  Fighter lateral trim by ailerons and tip-cousling  axis skew 
were investigated. The effects  of bcanber roll freedam were also determined. 
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com1cIENTS AND SYMBOIS 

l i f t  coeZficient, lift (twice model l i f t  used 
for  bozber  model) =s 

pitching-mcment coefficient  referred  to 0.215& 
- Pitching mament 

qsa 

I=, In, I,, moments of iner t ia  =bout body axis,  lb-in. 2 

9 free-stream dynamic pressure, 5, lb/sq f t  $ 

S wing area, sq ft (twice mea of semispan model) 

C local  wing chord, pare l le l  t o  plane of symnetry, ft 
- 
C 

w 

b 

.a Y 

P 

V 

a 

at 
0 

6 

it 

B 

mean aerodynamic chord of wing usin-g theoret ical   t ip ,  

wi-ng span, perpendicular t o  plane of symmetry, ft 

ls teral   d is tance Tram plane of symmetry, ft  

mass density of air,  slu@;s/cu ft 

free-stream  velocity,  ft/sec 

angle of attack of wing-root  chord,  deg 

angle of attsck of wing-tip chord, deg 

angle of twist of wing-tip chord relative t o  wing-root 
chord, positive downward, a, - %, deg 

aileron  deflection, measured i n  a plene perpendicular 
t o  d l e r o n  hinge line, deg 

angle of horizontal t a i l   r e l a t i v e  t o  longitudinal body 
axis,  positive when leading edge is up, deg 

relat ive bank angle between wi-ng t i p s  connecting bmber 
and fighter, measured i n  a plane  perpendimlax t o  the 
Longitudinal body axis and considered  zero at trimned 
f l ight ,  deg (see  f ig .   l (a))  
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Subscripts: 

M 

F 

skew =le of tip-coupling  axis,  angle between tip-coupling 
&As md longitudinal bo* axis, deg (see  f ig.  1( a) ) 

general dimension of length  (see text on selection of 

scale  factor for  length, - 2M 
scale  factor 1 

ZF 

angular frequency, af, radians/sec 

frequency of oscil lation, cps 

weight of wing per unit length  along  elastic  axis, 
lb/in . 

s t a t i c  moment of wing about e las t ic   axis  per unit 
length  along the e l a s t i c  axis, positive  indicates 
trailing edge d m ,  in-lb/in. 

pitching moment of iner t ia  of wing ebout e las t ic  axis 
Der uzit length  along  the  elastic  axis,  lb-in.2/in. 

wing bending r igidi ty ,  lb-in.2 

wing torsional rigidity, lb-in.2 

refers to m o d e l  

refers  to  full-scale  airplane 

MODEL AND APPARATUS 

General  Description of Models 

The models  were chosen for t”.s investigation so as t o  be repre- 
sentative or  present-dqy,  oDerationa1, swept-wing a i rc raf t  and the 
bomber was selected  to have a high  degree of wing f lexibi l i ty .  Model 
simulation was based on a survey of full-scale data available a t  the 
tine the Fnvestigation w a s  originated. Geometric detai ls  such as 
fuselage  cross  section and wing height were selected for model sim- 
plici ty;  however, plan-form geometry was considered t o  be closely 
representative. The wings were the only components i n  which elastic 
properties were accurately  shulated. A sketch of the general 
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arrar;enent of the  test  configuration is gresented i n  figure 1. Photo- 
graphs of the model  mounted in   the  tunnel  a d  associated  test equipment 
are shown in  f igure 2. Tests were mde with a semispan bomber m o d e l  and 
a complete fighter model. The fighter was flown i n  two LohgitudLnal 
positions as shown i n  Pigure 1. When coupled wing t i p   t o  wing t i p  
( f ig .  l ( a ) ) ,  the  elastic  mes  intersected at the wTng t ip ;  wher coupled 
by a boom (fig. l(b)), the  fighter w a s  shifted rearward  approximately 
one bomber tip-chord  length. Coup1Ang the  f ighter by a b o a  would be 
expected t o  decreese the aerodynamic efficiercy and w a s  tested  to  deter-  
mine the  effects on s teb i l i ty .  

For a l l  tes ts ,   the   f ighter  was coupled to the bomber with roll 
freedm ebout the  coupling axis and a l l  other  fighter motions relat ive t o  
the bamber were restrained by the  coupling.  Fighter lateral trim was 
provided by mechanically  linking the fighter  ailerons t o  the bomber wing 
t i p   ( f i g .  2( c )  ) so that the  ailerons  deflected  automatically  in propor- 
t ion   to   the   re la t ive  b a k  angle between the fighter a d  the bomber. The 
ailerons were rigged to  Eaintain a relat ive bank angle of zero and de- 
flected Fn the conventional manner, that is, the right  aileron was up 
when the  lef t   a i leron was  down.  Same additional laterel trim mment 
about the  tip-couplhg  axis could have been obtained by rigging the 
ailerons t o  deflect symmetrically; however, this was not done i n  the pres- 
ent  investigation.  Fighter lateral trim moments supslementezy t o  the 
aforesaid  aileron moments were provided by sk&ng the  tip-coupling axis 
es shorn on figure l(a) so that  for any skew angle  other than Oo, rotation 
of the  fighter about the  coupling  axis  resulted  in a stabil izing -le- 
of -attack increment. 

J 

Bcmber root  conditions  simulating  spmetric and antisymmetric la t -  
e r a l  modes were tested and are  indicated  schematically i n  figure l ( c ) .  
m e t r i c  mode t e s t s  were made with t i e  barber  root locked so that the 
wing w a s  cantilevered from the  tur-nel sidewall and there w e r e  no bcanber 
rigid-body  freedom. An equivdent  bmber-level-flight l i f t  distribution 
was maintained Over the banber wing throughout the   t es t  speed  range, a 
full-scale bomber weight of 75,000 pounds (bomber semispan model l i f t  of 
23.6 lb) being assumed. For the  artisymmetric modes , the bomber  was 
free t o  roll about the  longitudinal body axis. In the  f'ree-to-roll  tests, 
the lift of the bomber wirg at l a t e ra l  trim would necessarily  be  less  than 
normal. Therefore t o  have the model  and f i l l -scale  l i f t  coefficients 
the same, antisymmetric-mode t e s t s  were a l s o  made with a s t a t i ca l ly  de- 
flected  spring  supplying a preloed moment about the b&er roll axis, 
in  the  direction shown. The magnitude of this manent forced the bamber 
wing t o  carry an equivalent symmetric-mode l i f t  distribution 
( l i f t  = 23.6 lb) a t   l a t e r a l  trim. The preload springs used were arranged 

i n  bomber b a z  angle  obtained i n  these tes t s  had l i t t l e   e f f e c t  on the 
prelozd moment. 

" so that the bomber-rigid-body r o l l  frequency was extremely lov. Changes 

I 
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Selection  of  Scale  Factors 

A scaled-speed  model  was  considered  to  be  the  most  practical  for 
the  flight  conditions  to  be  simulated  in  this  investigation. A limita- 
tion imposed on  the  tests was that  the  Mach and Reynolds  number  effects 
were  not  simulated.  Neglecting  Mach  and  Reynolds  number,  scaling of the 
model was based  on  the  parameters  considered  significant  to  flutter. 
The model  was  chosen  to  be 1/14 the  size  of  representative  full-scale 
airplanes  and  the  parameters  scaled  are  listed  in  terms  of  the  gecmetric 
scale  factor A. If 2 is  considered  to  be a general  dimension  of  length 

where  the  subscripts M end F refer to model  and full scsle,  respec- 
tively.  The  density  factor  was  chosen  to  be 1.737 to  provide 
the  air-density  relationship  between  average  model  test  conditions  and 
tine  full-scale airplmes  operating  at a pressure  altitude of 20,000 feet. 
True  altitude  simulation  based on actual  test air densities  did  not vary 
more than 900 feet  from  average  test  conditions.  The  parameters  were 
scaled as follows: 

'M/'F 

Parameter Symbol notation  and  scale  factor 

2M - = h = -  1 
2F 14 

Length . . . . . . . . . . . . . . .  

Velocity . . . . . . . . . . . . . .  vM " - h1I2 = 0.267 
VF 

Frequency . . . . . . . . . . . . .  * -  "" 1 - 3-75 
%? A1/2 

Weight  per  unit  length . . . . . . .  3 = pM A 2  - 1.737 
wF ?I? 142 

Weight wMzM - A 3  - 1.737 . . . . . . . . . . . . . . .  
wF!F ?E' 1k3 



Parameter Symbol notation and sca le   fac tor  

Mass moment of i n e r t i a  
per unit length . . . . . . . 

No attempt was m a d e  t o  design a given  value of structural damping in to  
the mode l .  The structural damping coeff ic ient  gh 03 t he  m o d e l  bcmber 
wLng vas 0.012 measured fram the first bending m o d e  a d  calculated 
according t o   t h e  Sollavri-ng relationship: 

gh = $ ( l o g a r i t h i c  decrement) 

This was  the  only damping coeff ic ient  measured; however, the type  of 
model construction  used would be q e c t e d   t o  give relatively low values 
of  structural   dmping. 

Model Construction De-taLls 

General details of m o d e l  construction and pr incipal  model dimensions 
we given in   f i gu res  3, 4, and 5 .  

Bomber.- The wi~g of the semispan bomber m o d e l  w a s  of spar-segment 
construction  consisting of a duralruninum s p a  t o  which 19 balsa segments 
were attached t o  form the  Wiog surfaces  (fig. 3) .  This simple method of 
construction  enabled close simulation 03 predet-ned s t ruc tu ra l  prop- 
e r t i e s  a-d construction details are shown i n  Tigure 5.  The spar was 
designed t o  have the  desired wing bending and t o r s i o n   r Q i d i t y  m d  the 
segments attached so as t o  m a k e  no contribution t o  the  wing stifTness. 
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An analysis of the full-scale'iomber wing s t i f fness   dis t r ibut ion 
t o  be simulated  indicated t h a t  sufficiently  close  simulation  could  be 
obtained with a constant  ratio of bending to   to rs ion   r ig id i ty  

(E = 1.23). A cruciform spar cross  section w a s  chosen having  the  basic 

dimensions shown in   f igure  6 .  This cross-section  shape  gsve the desired 
EI/GJ r a t i o  and w a s  zbout  seven  times as   s t i f f   in   the  chordvise   bendir4 
direct ion as i n   t he  up and down direction. The spar was lineaxly  tE2ered 
i n   t h r e e  steps along i ts  length to   g ive  the des-ired sgamise s t icfness  
dis t r ibut ion and was located  along  the wing 38-percent  chord l ine  which 
w a s  the  desired  elastic  exis  location. The variation of bending and 
tors ion   r ig id i ty  with distance  along the e l a s t i c  axis is  shown i n  
f'igure 6. The valaes  given  in  figure 6 were ver i f ied by experimentally 
loading  the wing before md af te r   the  segments were zttached. 

A duraluminuru r i b  was glued in   the  center  of each balsa segment 
such that the r i b  coulc 'De attached  to  the  flanges of the  cruciform 
s y ~ ~ .  A narrow gap wzs lef t  between adJacent segments and the gap was 
f i l led by gluing a l/&inch-wide strip of sponge rubber around the air- 
foil section as shown in figure 5 .  The sponge rubber w a s  glued t o  one 
eEd of each segment and pressed  against the edjscent  sewent when the 
wing wzs assmbled. This t m e  of constructlon  enabled  the balsa segments 
-Lo be attached to  the  spar  xithout irC1uencing the spzr s t i f fness .  The 
wicg could 5e easi ly  asseqbled m-d disasseribled, alloxing  free  access 
t o  zny portion of the structure.  For the  speed  range tested,  t h i s  
nethod of f i l l ing the gaps was sa t i s f ac to ry   i n  that the sponge rubber 
was not  distorted by a i r  loads. Ballast weights xere added t o  each 
b a l s a  segment to   ad jus t  the t o t a l  wing nass, nass  unbalance, and mas6 
morrent of inertia  to  the  desired  scaled  values.  Bomber wing weight dis- 
t r ibut ion and engi?le nacelle data are  given  in figure 7. The nodel 
engine  nacelles were mde or" hardvood and the  e las t ic   propert ies  of the 
full-scale  Racelles and supports were not  sinulated. 

The smispan bomker fuselage had a cylindrical   center  section and 
a faired nose an6 after5oiiy  section ( f ig .  3 ) .  Bomber roll freedon was 
provided by mountirg a segment of the  center  fuselage  sectioc and the 
wing on a ball-3earing-supported roll yoke which allowed roll freedom 
zbout the   longikdica l  SOay axis when Cze cesltilever  lock was renoved. 
The mounting bracket which supported tile roll yoke was bol ted  to  the 
conventional  tunnel  balance frame and the  mgle of s t tack of the bcmber 
w e s  vzlried i n  the conventional manner. L i f t  of the semispan model w a s  
measured by the tunnel balance system. Mass and iner t ia   propert ies  or" 
t h e  bonber fuselage  about  the  longitudinal body axis are given i n  table I.. 

Fighter.-  Princigal dimensions of t i e   f i g h t e r  model are given i n  
figme 4. Fighter  construction  consisted of a central  steel fuselage 
spar   to  which the wings, tail surfaces,  fuselage shell were attached. 
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Longitudinal trim of the   f igh ter  wes provided by an all-movable hori- 
zontel t a i l  which was adjusted manually at the m o d e l .  The flexible W b g S  
were constricted i n   t h e  same marmer as the bomber wing. St i f fness  a d  
mass dist r ibnt ion  are   given  in   f igures  8 md 9. Tne f ighter   a i lerons 
were rigged  to  deflect   asymnetrically  in  proportion  to  the  rel&tive bank 
angle 6 betveen  the  fighter a d  bomber and t h e   r a t i o  02 ai leron  mgle 
6 t o   r e l a t i v e  bmk angle fl could be varied from about 0.6 t o  1.40. 
The ailerons  vere  actuated by 2 nechmical  l inkage  to  the bomber wing 
t i p   ( f i g .  2(d) ) a d  a se r i e s  or“ push-pull rods and b e l l  cranks con-leined 
within  the  f ighter wing. The aileron  hinges  vere  connected to   the   spar  
flanges similar t o  the m m n e r  i n  which the balsa segments vere  attached 
and the  ailerons were mass balanced  about  the  hinge  line. The fuselage 
contour was provided by a balsa shell festened  to the fuselage  spar at 
two s ta t ions by through bol t s  and hzrdwood mounting ribs glued t o   t h e  
balsa she l l .  Complete f ighter   veight  and weight dls t r ibut ion is  given 
i n  keble 11. 

Tip-Coupling mnge 

The tip-coupling  hinge  provided  fighter r o l l  freedom about the   t ip -  
coupling axis and restrained a l l  other   f ighter  motions r e l z t i v e   t o   t h e  
bomber ( f ig .  2(d) ) .  The roll axis we.s supported by ball bearings and the 
reletive  angle of a t tack of the fighter and bmber wing t i p s  could be 
aljusted.  In addition, the tip-coupling axis could be set at skew angles 

( f ig .  l (a)  ) . When connected by the  born, the  r o l l  axis vas a t   t h e  
f igh ter  wing t i p  (fig. l(b ) ) . The  gap betveen  the  Eodel t i p  chords was 
unsealed. The scaled mass of the tip-coupling  hinge  vas  considered t o  
be representative of prac t ica l  i”ull-scale applicetions. 

.. of Oo, loo, md 20° r e l a t i v e   t o   t h e  model longi tudina l   bdy  =is 

Tunnel Safety Devices 

In  kesting  dynmically similaz models of the  type  used  in this 
investigetion,  cme must be taken t o  grevent  destruction of the models 
during the course of testing. Two types of ss-ety  devices were used i n  
coqjmction with the presen-i investigation; namely, rapid  reduction of 
tunnel dynemic pressure znd limitatioll of model mDtion. Preliminmy 
tests  tndicated  that   the  conventional  tumel slow down and emergency 
stop  procedures did not  reduce t’ne test   section  dynmic  pressure as 
rapidly as desired.  Therefore e. self-actuating  spoiler was  mouzzted on 
‘che -ium-eL side w a l l ,  dom-s-ireen os“ the model as shawn i n  figure 2. The 
spoiler vas held  closed  ducing  noma1  testing m-d, uson release, nro- 
jected  icto  the  airstream, and spoiled the flow aloDg the side w ~ l l  i n  

test-section  dynaqic  pressure. 
- t’ne difr“user  section of the  tunnel   resul t ing  in  a r q i d  reduction ir? 

. 
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Model motion was  limited by adjustable  stops  located above and below 
the model as shown ir- figure 2. Details of *ne stops ere shown i n   f i g -  1 

ure 10. Free  motion of the model, could be varied by adjusting the inner 
cyl inder   re la t ive  to  the outer  cylinder. The stops were pdsitioned 
above and! below the  center of gravity of the f ighter  ami the ouYooard 
bomber nacelle. A s t r ik ing  bar was attached t o   t h e  wing spa? and located 
on the up-per wing surface of the  boniber to hit the upper bomber stop and 
thus  prevent damage t o  the balsa wing segments. If the amplitude of 
model motion  exceeded a predetermined amount, the model  would h i t  the  
s t r ik ing   p la te  and force  the  piston  against  a spring. Air damping was  
provided so t h a t  the striking plate   re turned  to  its origillal  position 
at e re lat ively slow rate thus  preventfng the spring energy from being 
returned t o  the model. The two types of sa;tety  devices  used  proved  very 
sa t i s lac tory  and the model was not  dmaged  during  the  investigation. 

The model was instrumented as shown i n   f i g u r e  l(a) so that t.f 
f l u t t e r  were encountered, the mode shapes c o u a  be determined. The out- 
put of these iostrumeots along with tunnel dynamic pressure was  recorded 
by a multichannel  recording  oscLllograph.  (See fig. 2(a). ) In addition, 
motion picttlres were taken  simultaneously f'ram two  camera stations;  one 
located  inside  the  tunnel, downstream of the m o d e l  ( f ig .  2( c ) )  and the 
other at the  test-section wall opposite and s l igh t ly  forward of the 
model. 

V 

TESTS 

The t e s t s  were mde  through a speed  range i n  the Laagley 300 MFH 
7- by 10-foot tunnel. The variation of average test  Mach and Reynolas 
nmber w%th velocity i s  given i n  figure 11. 

Still-Air-Vibration Survey 

A still-air-vibration  survey was  m a d e  of the model t o  determine 
natural   vtbrational modes and frequencies. These modes serve as an 
added check on the   i ne r t i a l  and elast ic   propert ies  of the model and 
cocld 'oe used in a theo re t i ca l   f l u t t e r  analysis of the test  cor?figura- 
t ion.  PhotograFhs of t he  survey  setup are shown i n  figure 12 and natural  
modes l o r  the various model conTigurations are shown in   f igure  13. The 
model was e la s t i ca l ly  supported i n  a test a t t i tude  and harmonically 
excited  over  a wide frequency  range. The soft   elastic  supports geve 
rigid-body  suspension  frequencies  considerably lower than any vibrat ional  
mode frequencies. The modes .were excited frm several positions with 4 
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an electrodynamic  shaker (shown in   f ig .  12 et the  inboard bomber nacelle) 
and for  the small aaount of s t ructural  damping present,  natural  frequen- 

m cies were considered t o  correspond to   t he  frequency  of maximum amplitude 
response. Resonant frequencies were d e t e d n e d  12cm oscillograph  records 
of the peak ?ode1 response and the mode shapes were determined vlsually 
witn the aid of a stroboscope. Modes for  the baniber alone were determined 
with  the outbomd str i ldng bar and bmber portion of the  tip-coupling  hinge 
installed.  Modes for   the coupled  configurations were determined with  the 
models coupled wing t i p   t o  wing t i p  k i t h  tne  f ighter  ai lerons rigged for 
f l ight .  The bmber-model effective wing e las t ic   roo t  was  perpendicular 
to the elastic axis a t  the m d e l  center  Une. Adding the preloaded 
s p f n g s   t o  the free-to-roll  configuration had no effect  on the  nztural  
vibration modes. A l l  nodes presented i n  figure 13 me normal coupled 
modes a d  the  descriptions, where given, imsly predminant  characteristics. 
Modes higher than the ones  presented  generally were not  clearly  defined. 

Wind-On Sta t ic  Tests 

S ta t i c   t e s t s  were m a d e  t o  determine the aerodynamic characterist ics 
of the bomber and fighter  separately. These data were considered  necessary 
s o  that  approxinate t r h  angles end re la t ive  wing-tip Eqgles could be 

of the bmber were measured through an angle-of-attack  range  with  the 
model cantilevered frm the  tunnel  balance as shown i n  figure 3.  The 

measuring Lift,  pitching moment, and wing-tip twist through an angle- 
of-attack  range. Wing-tis angles of both  the  fighter and 'Danber were 
measured ogtically by using a cathetmeter  aonted  outside  the test 
sect ion  to   s ight  a target  at tached  to  the wing t i p .  Model s t a t i c  deta 
ere  presented  in  figure 15 fo r  the bmber and in   f igure  16 f o r  the 
fighter.  Jet-boundary corrections, determined by the  method presented i n  
reference 6 ,  have  been q p l i e d   t o  the s t a t i c  test  angles of aktack. 
Blockage corrections were  negligible  for  the  present tests. 

L chosen for  the  initial  coupled-fllght  condition. Lift and wing-tip twist 

. f ighter  was mounted as sham i n   f i g u r e  14 and provision was m a d e  for 

Wind-On  Dynamic Tests 

Tests were m a d e  tk?rough the speed rtmge for the  three baqber root 
conditions shown i n   f i g u r e   l ( c )   t o  determine the  l imiting speed t o  which 
the coupled  cortTiguration  could be flo-m and the tyye of s t zb i l i t y  prob- 
lems encountered. Uni t ing  test  speeds were also determined for %he 
bamber alone. Tests were m a d e  f o r  coupling-axis skew angles of 00, loo, 
and 20° md the r a t i o  of S/$ w a s  varied frm about 0.60 t o  1.40. The 
effects  of coupling the frghter -Lo the bomber by a boom as shown i n  
figure l (b)  were also determined. All f l igh ts  were d e  with  the  f ighter 
loaded as shown i n   t a b l e  11, with the exception of one f l i gh t  m a d e  with 
the external  fuel tanks raaved  (-Fuel tarn& weight is given i n   f i g .  9 ) .  

- 
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Coupled-configuration f l ights  were m a d e  i n  tine Tollowing manner: 
Tne f igh ter   hor izonta l   t a i l  and the  re la t ive m-gle of attack of the wing 
tips (at = a - 8 ) was set for  trimmed f l i g h t  et  a given  speed. These 
or iginal   se t t ings were nzde from s t a t i c   t e s t s  and once t'ce  'model w a s  
flown, later adjxstments were m a d e  based on visual  observation or" the 
f l i g h t  behavior. The nodel was sup9orted in   t he  wind-off condition by 
the lower safety sto2s. Test  sec-iiol  velocity was then  increased  until 
the model  would l i f t  off of the stops m d  fly. Varyiog the  nodel  angle 
of attack provided sa additional  colltrol  over the  t&e-off  velocity. 
Flight speed  vas  increesed ur-tF1, i n   t he  opinion of the  operator,  safe 
f l i g h t  could not be made at higher  sbeeds due t o  apgromhing a s t a b i l i t y  
boundary. Eie model was trimmed as the  ? l ight  speed  Lncreased and it 
wes necessmy  to  shut down the   tw-ne l   t o   d jus t   t he   r e l a t ive  wing-tip 
angle and ?ig'nter  horizontal-tail   sett ing.  The first flLghts  for a 
configdration were nade wi th  the  safety  stops  set  Z a i r l y  close to the 
model but after f a i l i m i z e t i o r  wit'n the ?"Light characterist ics,  t'ne 
stops were moved  awzy r'rm the model t o  allow plenty of f l i g h t  space. 
For the  root-locked and free-plus-spring tests, the bmber l i f t  w a s  
kept constant at 23.6 gourds as the test speed was increased  to simu- 
l a t e  a full-scale  level-flight  condition. Bomber l i f t  fo r  the  free- 
to - ro l l  root c o r f i w a t i o n  was j u s t  enoxgh t o  support  the  bmber wing 
i n  a horizor-tal  tunnel  Dosition. The aperator w a s  provided ar- addltional 
control  over  the model l a t e r a l  t r i m  Tor bomber-roll freedom t e s t s  by a 
lever  attached t o  the bclmber root. This lever was used as a quick- 
ac t ing   la te ra l   cor t ro l  and once a trimed  condition was estzblished, 
no lever  force was apglied when determining  the f l i g h t  behavior. 

Motion pictures and oscillograGh  records were taken a t  various 
times t'r,ro.clghout the speed rmge. No model disturbing  techniques 
were used; however, f l i g h t  observations  indicated  suZficient model dis- 
turbance in  so-called steedy f l igh t  to  give  the  test   operator a good 
visual  indication of model s t ab i l i t y .  

RESULTS AND DISCUSSION 

Results of the  gresent  investigztion are sm-ar ized   in   the   char t   in  
figure 17. blaximum t e s t  speeds 0-otained for the  various model config- 
urations and a description of the nodel  f l ight  characterist ics which 
l imited  the  tes t  speeds are  presented. A motion p i c t w e  showing same 
of the model tes t   character is t ics  has been  prepared as a s7qTlement t o  
the  present  paper and is  avsilable on lorn from NACA Headqumters, 
Washington, D. C. 

? 

. 

c 



B m b  e r  Alone 

Maximm t e s t  speed or" t'ne  bomber alone w a s  Limited  by f l u t t e r  for 
all three  root  conditions  tested. As shown in  f igure 17, the symmetric 
(or  root  locked)  flutter speed was slightly lower t i i  the antisym- 
metric (33: root  f r ee )   f l u t t e r  speed and +,he l a t t e r  was not affected by 
the addition of the  root  spring  to  the model. The speeds l i s t ed  were 
considered t o  be the lowest values a t  which f l u t t e r  was well establlshed. 
The symmetric configuration  f luttered  in what appeared t o  be a cambined 
bending and torsion mode a t  a frequency 03 9.1 cps and the amplitude wzs 
divergent. The antisynmetric  configuratioa  fluttered at a frequency of 
9.5 cps i n  predominantly a chordwise  beading mode (wing t i p  moved fore 
md aft). This mode did  not appeerr t o  build up i n  amplitude very rapidly. 
E t  addition,  the  syrmetric  flutter  characteristics were not  affected by 
reducing  the semispan model lift frcan 23.6 p m d s  t o  0. 

Fighter Cousled Wing Tip t o  Wing Tis 
Deta presented in   f igure 1.7 for  the  fighter uld bcanber coupled wing 

t i p  t o  wing t i p  were obtained with E/@ ratios near 1.0. The bmber 
root  condition  generally hed l i t t l e  effect on the maximum speeds obtained. 
Satisfactory model flcght characteristics  existed f o r  a l l  flight speeds 
below those  listed. The term "satisfactory flight" is used to i d i c a t e  
a tr7hmed flight  condition  that apgeared t o  be fairly steady and t o  have 
a good degree of sta'Dility. With f ighter   la teral  trim provided  only by 
fighter  ailerons ( p  = Oo), satisfactory P l i g h t  was mde  to   fu l l - sca le  
simulated  speeds of about 4.00 miles  per hour. Skewing the tip-coupling 
axis loo i n  a direction t o  provide  additional  (to  ailerons)  fighter 
l a t e re l  trim moments  was s l ight ly  bener"icia1; however, a i21rther 
increase t o  p = 20' had a pronounced &verse  effect. 

j3 = 0' and p = loo.- The maximum t e s t  speed for  p = Oo and 
p = 10' was limited by a faLrly ranid  decrease i n  model s t ab i l i t y  as 
the speed was increased  near  the  velues  given in   f igure 17. Based on 
visual  observztions,  the  deterioration  in  stability was believed t o  be 
caused by approaching the   c r i t i ca l  sneed Tor torsional  divergence. This 
divergence  tendency,  while  nonoscillatory  In  nature, wes somewhat e r ra t ic  
and I:ZS phaxacterized by a tendeccy of the  fighter, when disturbed, t o  
twist the bomber  wing u n t i l  the fighter reached a fairly high at t i tude 
(a > t r i m )  and then  abruptly  pitch doTm- through the trim angle of attack 
before  returning t o  a noma1  attitude (a = trim). Attempts to   a l lev ia te  
this condrtion by changes in   f igh ter  trim were unsuccessful. A sweptback 
wing is  usuelly considered t o  be  divergence  free; however, it i s  conceiv- 
able that the  present coupled conriguration  could  diverge due t o  the  large 
external ( t o  bomber - ing )  d-riving torque thet could  be  contributed by 
having the Tighter aercdynamic center  well &e& of the wing e las t ic  axis. 
The limitrng  test  speed f o r  p = 10' was slightly higher than  for - 
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p = Oo and the divergence  tendency was somewhat  more o s c i l l a t o r y   i n  
nature. However, emphasis should  not be placed on small test speed dif- 
ferences shown in   f i gu re  17 since  the tests were terminated on the judg- 
ment oP the test   operator and there was  no positive  indication  of the 
actual  proximity t o  a s t a b i l i t y  boundary.  Varying S / #  from 0.60 t o  
1.40 had no measurable e f fec t  on the tors ional-divergence  bmdary  for  
either p = 0' o r  p = loo; however, for   sat isfactory flight conditions, 
the fighter when disturbed,  returned t o   l a t e r a l  trim more rapidly at the 
higher S / #  ra t ios .  The Tighter  loading was changed for   the  test COE- 
d i t ion  indicated  in   f igure 17 by repoving the  external   fuel  tanks, how- 
ever,  there was no appaent   effect  on the f l ight  character is t ics .  

p = 20°.- With a tip-coupling skew angle fl or" 20°, the model 
became neutrally stable at speeds  roughly  one-half the divergence  speeds 
at the lower skew angles. The term "neutral   s tabi l i ty"  is used here t o  
indicate approximately  constant  amplitude  oscillations of the   f igh ter  
about the tip-coupling axis. "he motion appeaxed t o  be combined pitching 
md ro l l ing  of the fighter coupled with some bending or   rol l ing of the 
bamber wing depending on the  'oomber root  condition. Bomber root   res t ra in t  
( the  spring w a s  considered t o  asply some root   res t ra in t )  had a tendency 
t o  lower the test  speed at which neutral   osci l la t ions first occurred. 
The model response i n  t h i s  mode WEE; not  particularly  violent  insofar as 
model safety w a s  concerned and the t e s t  speed was increased  into the 
neutrally stable region, as shown i n  figure 17, f o r  the root-free-plus- 
spring configuration.  Increasing the t e s t  speed from 64 miles per hour 
t o  88 miles per hour did not alter the mode of oscil lation  but  increased 
the frequency from 1.5 cps t o  1.8 cps. For the  other bonber root con- 
ditions,  neutral  oscillations  occurred at a Iyequency 03 1.6 cps at  
64 miles per hour with the  root  locked and at  a frequency of 1.8 cps at 
85 miles  per hour with  the  root Tree. This indicates that the  f ighter  
osc i l la t ion  frequency w a s  a function of test speed and not bomber root 
condition. However, bmber  root  condition  did have an  effect  on f igh ter  
response  amplitude. With the  root free (including free plus  spring) and 
f o r  6/# = 0.92, the fighter osci l la ted Over an amplitude  of $ = +6O 
and increasing the test speed fram 64 miles per hour t o  88 miles per 
hour had no ef fec t  on the  osci l la t ion amplitude  (frequency w a s  increased). 
With the bomber root locked at a test speed of 64 miles per hour, there 
w a s  a tendency for the fighter oscil lation  amplitude  to  increase fram 
$ x *bo t o  $ *15O until the fi&ter motion would get out of phase 
with the bamber wing-bending motion thus  reducing the  amplitude and the 
cycle woxld then  repeat  in a periodic manner. This ef fec t  of bomber root 
condition on f igh ter   osc i l la t ion  amplitude  appeared t o  be a r e su l t  of the 
manner i n  which the   f igh ter  motion w a s  influenced by the bomber-wing 
e l a s t i c  mode f o r  the symmetric or root-locked  configuration and by the 
bomber-wing mass influence for the  antisymmetric or root-free  configura- 
t ions.   Neither  the  neutral   oscil lation boundary speed nor  frequency w a s  
a2f ected by  changing the 6/# r a t i o  from 0.65 t o  1.20; however, the 
fighter  response  amplitude was affected. A t  a test  speed of 64 miles per 
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hour for  the  free-plus-spring  root  condition,  increzsirg 6 / @  fram 
0.65 t o  1.20 decreased  the  fighter  oscillation amplitude frm @ = qo 
t o  $ s+c *5O. The neutral   oscil lation frequency w a s  lower .than any model 
wind-off natural  frequency and the motion  appeared t o  be   p reddnan t ly  
a fighter-stabil i ty mode modified  by the bcanber wing m a s s  or elastic 
influence. 

Fighter Coupled on B o a  

In an attempt to  increase Yne model divergence speed, the lighter 
was coupled to the bcan3er by e b o a  which shifted the fighter  longitudinal 
position  epproximately one bmber tip-chord  length rearward (fig. 1) . 
This  decreased the mment arm between the  fighter aerodynamic center and 
the bmber-wihg e las t ic  axfs. However, as shown i n  figure 17, a shift 
in   f ighter   posi t ion of this magnitude had no appreciable  effect on the 
s t ab i l i t y  boundaries. In addition,  the  steady-flight  characteristics 
below the speeds Listed i n  figure 17 were very similar t o   t h e  steady- 
fl ight  characterist ics when coupled wing t i p  Ao wfng t ip .  

A dynamically similar model study wzs m a d e  t o  determine  the maxinun 
speed at which f l ight  could  be  simuleted  for a particular  coupled-airplane 
configuration.  Full-scale-wing elastic properties were accurz;tely simu- 
lated. The swept-wing bomber and swept-wing Tighter w e r e  coupled wing 
t i p  t o  wing t i p  with fighter r o l l  lreedom  about the  coupling axis. 
Results  indicatd the following  conclusions : 

1. Satisfactory  f l ight w a s  made to full-scale  simulated  speeds of 
about 400 miles  per hour w5th Tighter  lateral trim provided only by 
fighter  ailerons. Bonber r o l l  freedam and varriation i n  aileron deflec- 
t ion  t o  re la t ive bank angle r a t i o  from 0.60 t o  1.40 had only  secondary 
effects on the f l ight  chexacteristics. 

2. Skewing the  tip-coupling  axis loo i n  a direct ion  to  grovide 
additional  (to  ailerons) fighter l a t e ra l  trim maments was  slightly bene- 
f i c i a l ;  however, a further  increase  in skew angle t o  20° had a pronounced 
dverse  effect .  

3.  M a x i . ~ m m  test speed f o r  skew angles of Oo a.nd loo was limited by 
approeching the   c r i t i ca l  _speed for  torsional divergeace; with a skew 
m-gle of 20°, the lrodel became neutrally  stable at speeds well below the 
divergence  speeds. 
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4. The coupled-nodel f l ight   character is t ics  were l i t t l e   a f f e c t e d  
by coupling  the  fighter ning t i p   t o   t h e  'ornber wing t i p  by a born which 
shifted  the  f ighter  longitudinal  posit ion  agproxbately one bomber wing- 
tip chord length rearward. 

5 .  The limiting speeds for the  coupled  c0nr"iguration were consid- 
erably lower thaa  the bomber-alone f l u t t e r  speeds. 

Langley Aeronautical  Laboratory, 
National  Advisory Committee fop Aeronautics, 

Langley Field, Va., November 9, 1955. 
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TABLE I 

W A  RM L35524 

B O i i W  FUSHAGE MASS DAW 

Moment of i n e r t i a  about  longitudinal body axis, lb-in.2 . . . . .  59.4 
Sta t i c  mment about  longitudinsl body axis (rolls 

r igh t  senisppn wing to   t he   l e f t ) ,   i n - lb  . . . . . . . . . . . . .  LO 

J 

COMPLETE FIGHTER MODEL MASS DATA 

[ hcludes  external fuel  tanks] 

W e i g h t , l b .  . . . . . . . . . . . . . . . . . . . . . . . . . .  10.3 
Center-of-gravity  location, mean aerodynamic chord . . . . . . .  0.215 
I*, Lb-ine2 . . . . . . . . . . . . . . . . . . . . . . . . .  340 
5y , 1b-in.2 . . . . . . . . . . . . . . . . . . . . . . . . .  590 
Izz , lb-in.2 . . . . . . . . . . . . . . . . . . . . . . . . .  905 
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+- Re lofive bonk angle 

- Ref/ecfion ,dote 

/nsfrumen f ofion 

Bending and forsion gage 
I A cce /e Tome fer 
A Angle indieofor 

- 
(a) Fighter coupled to bo&er, wir?g t i p  t o  wing t i p .  

Figure 1.- Sketch of t e s t  configurations. 
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(b)  Fighter coupled t o  bolnber by born. 

Roof /ocked 

f r e e  to ro/ /  

Free + Spring 

Pre loaded spring 

moment = 260 in. /b 

( c )  Bomber root  conditions  tested. 

. 

Figure 1.- Concluded. 
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L-79952 (a) Model as viewed from upstream in tunnel. 

Figure 2.- Photographs of the model. 



(b ) Model as viewed from downstream in tunnel. 

Figure 2. - Continued.. 
w 9 9 5 1  
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G90434 
( C )  Tipcoupling  details. Boniber wing-tip segment has been removed. 

Figure 2. - Concluded. 



Fuselage brackets 

Tunnel balancpl  

Spur. butt  

Cantilever 

Roll yoke 

M o unttng brackst J 

Tunnel 
wall 

Tabulated wing data 

Sweep 8 35 O 

Aspect ratlo 943 
Taper ra f io 0.42 
semispan  area 36zft2 
Airfoil sectton 

(free stream) 65A012 

A 

Nacelle attached to spar flanges 

Re flection plate 

Sec tton A - A 
Inboard nacelle 

Nmelle a ttached to spar  flanges 

I43 - 
Section 6-6 

Outboard nacelle 

Attachment "Ballust weights 
screw -7 I \ 

L801S0 segment Rib Spar 

Section C- c 

F i w e  5. -  Drawing of semispan boder  model and tunnel mounting details. 
AU dimensions are  in inches. 
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Tank  attached 

7 . 2 5  c  line 
r- c.9. located at  

9' \ y / 

Tabulated  data 

Wt ng 
Aspect ra tlo 
Tapr  ratlo 
MAC 
Area 
Alrfoll section 

(free  stream) 

Empennage 
Akfoll section 

(free stream) 

ta spar flanges 

0.2/5E 

46 
0.51 

0375ft 
1.48 f P  

65A 012 

65A008 

t 319 -1 

Figwe jl.. -' Principal dimensions of the fighter model. All dimenstons 
are  in inches. Fi.ghter weight given in table 11. - 
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Figure 3.- Skezch showing w i n g  construction. 
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Figure 6 . -  Variation of becding and to rs ion   r ig id i ty  of bomber Wng with 
distance  along  elastic &xis. 
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Engine Nocelle Data 

.. Inboard Outhard 

Dlstonce  along ea to at fachment  point 

401 lb in! 3232Ibifl  Moment of inertla about ea. 
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Figure 7.- Bomber wing-weight distribution. 4 
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Figure 8.- Variation of bending and torsion rigidity of fighter wing with 
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Figure 9. - Fighter wing-weight distribution. 
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Figu-re 10. - Sketch of safety stop used- t o  linft model motion. 
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Figure 11. - Variation of average  test Mach and Reynolds n&er with t e s t  
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(a) View from upstream in tunnel. 

Figure 12. - Model rigged f o r  still-air vibration survey. w w 
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Figure 14.- Fighter =odd mou?rlting for stetic t e s t s .  
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Figclre 14.- Conclcded. 
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Figure 17. - Summary chart of maxhum t e s t  speed conditions. Corresponding 
full.-scalc simulated speeds i n  parenthesis. All speeds in miles p r  
hour. 


